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Abstract
Background. Chang’s needle is a straight, 18-gauge stainless steel needle with a hook near its top to catch the thread and can
be used for various hepatic resections. Since its introduction in 1996, accumulated experience has shown that using Chang’s
needle is simple and safe. We recently explored a new application for the needle with an intrahepatic vascular block during
hepatic resections. Methods. Using Chang’s needle makes whole-thickness interlocking sutures of the liver possible. One or
two rows of multiple sutures secure the inflow and backflow while allowing a hepatic parenchymal division with less blood
loss. Under ultrasound guidance, single temporary sutures can be made in the respective branches of the Glisson sheath to
block inflow, and, on the right or left hepatic vein, to block backflow as well. Results. We did 89 hepatic resections without
specifically aimed inflow or backflow blocks, including 12 right lobectomies, three trisegmentectomies, 21 bisegmentec-
tomies, and 15 segmentectomies. Twenty-seven patients had mild to severe liver cirrhosis. Specifically aimed inflow blocks
for partial hepatic resections were done on the Glisson sheath (G) of segment 8 (two patients), segment 6 (one patient), and
segment 3 (one patient). One patient with a G8 block had a concomitant backflow block of the right hepatic vein. Overall,
there was no procedure-related mortality or hepatic failure. Ischemia and reperfusion induced liver function deterioration
was minimal in the group with this kind of temporary vascular blocks. Conclusion. In addition to hepatic resections, Chang’s
maneuver can be used for intrahepatic individual inflow or backflow blocks, or both, to minimize ischemic and reperfusion
injuries.
Key Words: Pringle’s maneuver, Hepatic resection, Chang’s needle, Ischemia reperfusion injury, Hepatocellular carcinoma,
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Introduction
We have been developing Chang’s needle since 1996
and have used it on various hepatic resections [13]. It
has also been introduced to the USA, Italy, Brazil,
China, Korea, Singapore, and The Philippines. Our
accumulated experience has shown that this kind of
resection is simple and safe. However, in some
hepatectomies, for which Chang’s needle is contra-
indicated, controlling the hepatic inflow using Prin-
gle’s maneuver [4] during parenchymal transection is
usually mandatory. Although Pringle’s maneuver,
which completely blocks the inflow at the level of
the hepatoduodenal ligament, may reduce blood loss
during the transection, it will induce ischemic and
reperfusion injuries of the entire liver. Postoperative
liver function deterioration ensues and the risk of
hepatic failure increases, especially in cirrhotic pa-
tients. Patients might succumb from hepatic failure
despite a successful resection. We recently found that
Chang’s needle can also be used to minimize ischemia
and reperfusion injuries by simplifying temporary
intrahepatic inflow and backflow blocks in some
special circumstances. Herein we describe these
techniques in detail.
Materials and methods
Chang’s needle [1,2] consists of a straight, inner
needle with a hook near its top to catch the thread
and an 18-gauge stainless steel external sheath to
prevent the hook from causing tissue and vascular
injuries during Chang’s Maneuver, the procedure for
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which it was developed. Currently, we have inner
needles of three sizes (19, 16, and 11 cm) for livers of
varying sizes and thickness.
Surgical technique
Chang’s maneuver
Directly insert the Chang’s needle at the surface
through the whole depth of the liver parenchyma
where it catches one end of the No. 1 thread (or other
absorbable suture materials used) from below, and
pull this end of the thread out of the liver surface
(Figure 1). The maneuver is repeated once again
35 cm away from the previous insertion. Then, two
ends of the thread can make a secure knot to block all
the flows within this area [2].
Resecting the liver
Chang’s needle is applied repeatedly along both sides
of the division line. The second knot is made by
inserting the needle at the middle of the previous knot
and 2 mm distally to make a 35 cm interlocking knot
parallel with the previous knot. The third knot is
made in the same manner as the second knot but is in
the same line as the first knot. After the first row of
interlocking mattress sutures has been completed,
the second row of interlocking mattress sutures starts
1 cm distal to the first row. Finally, two rows of
interlocking mattress sutures will have been formed at
the end of this procedure [2].
Doppler ultrasonography has recently been used to
check whether the vessels are securely blocked before
hepatic transection; however, we do not believe that
this is necessary. Ultimately, without using Pringle’s
maneuver or any other procedures to block the
hepatic inflow and backflow, the surgeon can divide
the liver parenchyma at these two rows of interlocking
sutures using scissors, forceps with the division and
clamping method, or electrocautery. With increasing
experience, this operation can be completed with only
one row (the remnant side) of interlocking sutures:
the second row can be omitted. Some interlocking
mattress sutures may become severed during parench-
ymal transection, but this will not significantly affect
the operation. However, additional conventional su-
tures may be required in such instances for reinforce-
ment. Any tubular structure of significant size
encountered may be ligated using 30 silk, and any
major Glisson sheath can be suture-ligated using 20
silk for reinforcement. After completing the resection,
the surgeon should once more check for bleeding
from the raw liver surface.
Occasionally, tumors located near the inferior vena
cava (IVC) entrance of the right hepatic vein or near
the bifurcation of the right portal vein will disturb the
complete placement of the interlocking mattress
sutures. In the former case, partial placement [1]
can be done first, and then a conventional transection.
In the latter case, hilar ligation of vessels and the bile
duct and then a conventional transection before
partial placement of the interlocking mattress sutures.
Selectively blocking temporary inflow and backflow
Doppler or intraoperative ultrasound is used to locate
the respective inflow and backflow vessels, and then
Chang’s maneuver is used on these vessels (Figure 2)
before starting the hepatic resection. After the resec-
tion, the inflow and backflow blocks may be released.
Indications for Chang’s maneuver
Indications for using Chang’s needle in hepatic
resections are, using Couinaud’s classification, a right
lobectomy, trisegmentectomy (S678), left lateral
segmentectomy, bisegmentectomy (S78 or S56),
Figure 1. Chang’s maneuver: The needle penetrates the entire thickness of the liver and catches the thread from below.
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segmentectomy (S2, 3, or 6), or any of various types
of non-anatomic resections reported in previous
studies [1,2]. The resections can be designed freely
if the biliary drainage as well as the inflow and outflow
of the remnant liver can be properly preserved.
For the inflow block, the right first, second, and
third, and the left second and third branches of the
Glisson sheath are possible, as are the right and left
hepatic veins for the backflow block.
Results
We used Chang’s maneuver on 89 patients given
hepatic resections without specifically aimed inflow
and backflow blocks. Most of these patients had
hepatocellular carcinoma (HCC), liver metastasis, or
intrahepatic duct (IHD) stones. Of these, 27 patients
had mild to severe degrees of liver cirrhosis, three had
fibrosis, one had a liver abscess, and four had chronic
active hepatitis. The remaining 54 patients had
healthy livers. The Chang’s needle was used for
hepatic resections on 12 right lobectomies, three
trisegmentectomies, 21 bisegmentectomies, 15 seg-
mentectomies, 14 subsegmentectomies, five wedge
hepatectomies, 18 left lateral segmentectomies, and
one hepatorrhaphy.
Specifically aimed inflow blocks were placed on the
Glisson sheath (G) of segment 8 (two patients),
segment 6 (one patient), and segment 3 (one patient).
One of the patients with a G8 block had a concomi-
tant backflow block of the right hepatic vein (Figure
2). These procedures were used on cases of small
resection or enucleation to minimize the risk of
hepatic failure due to excessive excision and excessive
ischemic and reperfusion injuries.
Overall, there was no procedure-related mortality or
hepatic failure. Minor bile leakage occurred in one case
(1.1%) but healed spontaneously. Two patients had
minor postoperative bleeding and needed re-laparot-
omy; one was a minor incomplete hemostasis of the raw
liver surface (G8-block patient) and the other was from
the left ovarian artery and unrelated to Chang’s
maneuver. Several patients with IHD stones had minor
wound infections. Two patients died postoperatively,
one from multiple organ failure after an automobile
accident resulting in multiple traumas, and the other of
severe nosocomial methicillin-resistant Staphylococcus
aureus (MRSA) pneumonia.
Discussion
Chang’s maneuver for hepatic resections requires
neither conventional inflow nor backflow controls;
thus, it obviates hilar dissection, spares the complex
procedures and management of hepatic vascular
exclusion, and avoids ischemia and reperfusion injury
to the remnant liver. In general, blood loss is minimal
in a well-controlled and securely tied liver resection.
Liver congestion, which occurs with secured outflow
but unsecured inflow ties, may cause intractable and
unnecessary bleeding during a transection. In such
instances, interlocking sutures over the hepatic vein
should be severed and re-applied after the division of
the inflow vessels is completed. We also successfully
performed several small abdominal-incision hepatic
resections using Chang’s needle. Although this opera-
tion can be completed with minimal wounds, when
encountering difficulty, a larger incision gives a wider
operation field and makes completing interlocking
sutures easier.
Figure 2. The scheme of inflow and backflow blocks done on G 8 and the right hepatic vein.
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Individual intrahepatic inflow and backflow blocks
have recently been developed. Our first use was
inspired by a patient’s critical condition. The patient,
a 55-year-old man, was an heptitis B virus (HBV)
carrier with a 65-cm HCC protruding on the
segment 8 surface of a moderately cirrhotic liver. While
we were mobilizing the liver before the parenchymal
transection, the tumor suddenly ruptured and bled
intractably. We controlled this emergency bleeding,
without ultrasonography, using two ligations around
the assumed intrahepatic inflow (G8) area and were
able to do an S78 bisegmentectomy using Chang’s
needle. The patient’s total blood loss was 1300 ml, but
during the parenchymal transection it was minimal. In
the recovery room, a small but persistent blood
discharge from the drain prompted an immediate re-
operation before the patient left recovery room. A
pathological examination showed a cirrhotic liver and
moderately differentiated HCC. Though liver decom-
pensation with huge ascites and mild jaundice did
appear after the operation, the patient recovered well
and was discharged seven days later without hepatic
failure. The ascites had completely disappeared at the
two-month outpatient follow-up. We believe that a
standard Pringle’s maneuver would not have allowed
the patient to survive certain ensuing hepatic failure.
We used individual intrahepatic blocks for a second
case in an HBV carrier, a 55-year-old man with a fifth
recurrence of HCC (2.52 cm) and having his third
operation. Liver cirrhosis was confirmed when he
received his first subsegmentectomy for a 4-cm HCC
(S 58) 11 years earlier. Since then, he had received
endoscopic sclerosing therapy for gastric variceal
bleeding and two percutaneous ethanol injections
(PEI) for recurrent HCCs. Mild jaundice was even
noticed after the PEI. In June 2003, we decided to
do a second operation (partial hepatectomy, S6) to
remove the fourth recurrent tumor. The third opera-
tion was to remove a 2.5-cm HCC at S3. His liver
function status was ChildPugh A (six score) and ICG
was 27.7%. During the operation, the tumor was
found on the surface of segment 3, with advanced
cirrhosis and an atrophied liver. Severe adhesion
caused by repeated operations and alcohol injections
made Pringle’s maneuver very difficult; instead, we
used an intrahepatic G 3 inflow block, which allowed
us to do a partial hepatectomy with minimal bleeding.
The knot for the inflow blocked was removed soon
after complete hemostasis. Total blood loss was
300 ml, and during the resection period it was
minimal. The patient recovered uneventfully without
any sign of liver decompensation and was discharged
on postoperative day six. Since then, we started to
implement the backflow block (Figure 2) on 3rd case
with satisfactory outcome. The liver-function data of
the latter two cases with minimal bleeding, minimal
changes of the liver function, and early discharge from
the hospital are shown in the Table I.
In 1908, Hogarth Pringle J of Glasgow first
proposed the total clamping of the hepatic pedicle to
arrest hemorrhage [4]. Presently, Pringle’s maneuver
is the standard for controlling bleeding during hepatic
resections. Usually an umbilical tape, a rubber-shod
clamp, or a non-crushing-vascular clamp is used for
portal triad occlusion. Fifteen minutes of ischemia
and then five minutes of reperfusion is the general
rule, but some experimental studies [57] suggest that
1030 minutes of ischemia and then 515 minutes of
reperfusion can favorably reduce injury to the liver.
Ischemia can usually be extended from 60 to over
120 minutes; however, continuous or intermittent
ischemic time should be carefully adjusted according
to the severity of liver cirrhosis [8].
Pringle’s maneuver causes intestinal congestion and
hepatic ischemia of the whole liver. Therefore, various
modifications, such as hemivascular control [912],
suprahilar control of intrahepatic portal pedicles,
[1316] in situ hemihepatic hypothermic perfusion,
[1719] ultrasound-guided selective portal venous
occlusion, [20] and hilar common hepatic artery
clamp with parenchymal compression using a dispo-
sable plastic band [21], have been used to reduce the
inevitable hepatic insults of ischemia and to prevent
hepatic failure. Although we have no data supporting
Table I. Clinical data of inflow and backflow with Chang’s maneuver.
Cases Minutes Location Liver function Pre-op POD-1 POD-3 POD-6
2nd case
Inflow block 10 G 3 GOT (u/l) 94 138 45 47
Backflow block Not done GPT (u/l) 134 171 65 73
BL: minimal (mg/dl) Total bilirubin 1.1 1.1  1.0
MBD: POD-6 Albumin (g/dl) 3.5  3.2 3.5
3rd case
Inflow block 20 G 8 GOT (u/l) 41  132 59
Backflow block 19 Rt. HV GPT (u/l) 57  270 134
BL: 125 ml (mg/dl) Total bilirubin 0.6  2.0 1.0
MBD: POD-6 Albumin (g/dl) 4.0   
G: Glisson sheath; Pre-op: Pre-operative; POD: post-operative day; GOT: glutamate oxalacetate transaminase; GPT: glutamate pyruvate
transaminase; BL: blood loss; MBD: may be discharged; Rt. HV: right hepatic vein.
Blocking intrahepatic inflow and backflow 247
that Chang’s maneuver causes the least hepatic
ischemia and reperfusion injury or that it reduces
intestinal congestion to a minimum, theoretically, at
least, it will cause less ischemic injury than other
inflow controls because it induces less ischemic area.
The ischemic period may therefore be prolonged to
omit the frequency of intermittent reperfusion as well.
Immediate hemostasis occurred in case one, and our
preliminary postoperative liver-function data, though
small, are encouraging. Some patients with borderline
cirrhotic livers, which are not amenable to resection,
may therefore become eligible; however, further
experience and study are needed to determine and
verify all the benefits of Chang’s maneuver.
Conclusion
In addition to the indicated hepatic resections,
Chang’s maneuver can also be used to create indivi-
dual inflow and backflow blocks to minimize bleeding
ischemia and reperfusion injuries for small hepatic
resections that are not indicated for Chang’s needle or
not amenable to conventional procedures because of a
poor liver-function reserve.
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